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1
COLD WORK TOOL STEEL WITH
OUTSTANDING WELDABILITY

FIELD OF THE INVENTION

The present invention relates to a cold work martensitic, or
at least partly martensitic, tool steel with outstanding weld-
ability and high hardness levels. The steel shows an excellent
combination of the most relevant cold work tool steel prop-
erties: Hardness—Toughness—Wear resistance.

SUMMARY

Cold work tool steels employed for shaping sheet (cutting,
trimming, punching, bending, stamping or drawing), coining,
cold bulk stamping, plastic milling knives, hot stamping
shearing knives, or even thread milling rolls, etc, often need to
be weld. Even before the steel is being put to work, during
machining of the tool in annealed state, it already needs to be
weld: to correct machining mistakes, design changes to the
piece to be obtained or modifications to die geometry in order
to overcome spring-back and to be able to obtain the desired
piece shape.

Also once the tool has been hardened and put to work,
welding occurs quite often: to repair wear, chipping or break-
age due to normal usage of the die, or due to an accident.
Sometimes this reparation by weld can be done properly by:
heating up the tool segment, using as many different cushion
layers as needed and making a post-weld heat treatment (nor-
mally consisting on a whole tempering cycle) to the die after
welding has been completed. Some other times, time to per-
form the reparation is scarce and welding with one unique
electrode without heating of the piece and without post-weld
heat treatment is desirable.

There are several techniques to repair trough welding: elec-
tric arc welding (refurbished electrode, TIG, MIG, MAG),
laser, plasma, electron beam . . . . They differ in the energy
concentration and thus the size of the base material melted
zone and HAZ (Heat Affected Zone). The most widely used
techniques are refurbished consumable electrode and TIG,
where an exogenous material is brought into the melt. Thou-
sands of compositions for those “filler materials” have been
developed, for different applications and base materials (the
material of the tool).

The capability of a material to be weld depends on several
factors, which can be grouped in the following categories:
physical, metallurgical and mechanical. The main goal of the
present invention is to provide a cold work tool steel family
with high capability of being weld.

A material can be considered to have a higher capacity of
being welded when the following occur:

Accepts a broader range of filler materials to be employed
without cracking;

It doesn’t crack when less than optimal conditions are
being used: no heating of the piece, no hammering of the
bed, no stress relieving or tempering after process;

Mechanical properties of the weld are improved in all
layers: melt filler material, melt diffusion zone, melt
base material and HAZ.

Amongst composition elements some severely affect
physical weldability and are thus to be avoided if good weld-
ability is desired, which is the case. Special mention can be
given to most machinability enhancers, being sulphur the
most commonly used.

One of the elements with strongest impact on mechanical
and metallurgical weldability is Carbon (and by extension
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any other interstitial element employed such as Nitrogen or
Boron). So a tool steel with a low level of C+N+B is desired.

For cold work applications, requirements are high, so good
compromise of toughness and wear resistance are desired at
high hardness: for most applications a hardness in excess of
58 HRe with good wear resistance is required. A cheap way to
get high hardness and wear resistance is through carbides, but
the presence of carbides implies high carbon contents and
therefore comparatively poor weldability. Carbides can be
replaced by nitrides or borides but their negative effect on
weldability is not much weaker than that of carbon.

One of the most widely used cold work tool steels is AISI
D2 (W.Nr. 1.2379), a ledeburitic chromium rich steel with
1.55% C. For comparative purposes, and to provide a mean-
ing to the comparative terms used later in this text (such as
good, poor . . . ) we can consider this steel to be the standard
and thus to have average toughness, and average wear resis-
tance at the normal usage hardness level (56-62 HRc). The
weldability of'this standard steel is considered very poor since
this is the property which has been more drastically improved
with the steels of the present invention.

To attain the hardness levels required, without using inter-
stitial elements like carbon, nitrogen or boron, other strength-
ening alternatives should be employed like substitutional
solid solution, grain refinement and particle strengthening
(but instead of secondary carbides, intermetallic coherent
precipitates can be used).

Such a solution was developed more than fifty years ago,
the so called “maraging” steels have carbon and other inter-
stitial elements as impurity elements and their content is held
as low as possible at ppm values. They get their strengthening
from substitutional solid solution of primarily Co, and pre-
cipitate strengthening with principally: Ni;Ti, Ni;Mo, and
Ni;Al as intermetallic precipitates. Some grades can reach up
to 62 HRc after appropriate precipitation heat treatment.
Their weldability is excellent, but their wear resistance is poor
for most cold work applications. Sometimes this lack of wear
resistance can be overcome with a hard coating, but the sup-
port they provide for the coating is poor and after coating
weldability is often impaired. The poor wear resistance, when
compared to a conventional cold work tool steel, is directly
related to the absence of very hard secondary phase particles
such as carbides, borides or nitrides. This very same reason is
the cause of the poorer performance even when a coating is
employed.

For the tool steels of the present invention, besides C, N and
B as interstitial solid solution elements (they will also be used
as carbide formers), some other typical substitutional solid
solution elements can be employed, most of them will be
present anyway since they are used as carbide formers like
can be the case for V, Mo, W, V, and to a lower extent stronger
carbide formers with a lower solubility product even with low
percentage of C, N and/or B. Other substitutional solid solu-
tion elements which are not carbide formers can be used to
strengthen the alloy, like Cu (up to a 4%) and Co (up to a 8%).
Co will often also be used as a precipitation promoter for the
precipitation of Ni intermetallics. The convenience of the
presence of these elements is application specific, so different
alloys of the present invention will have different quantities of
these solid solution strengthening elements, being their pres-
ence of all of them obviously not mandatory, so some of the
alloys of the present invention might only have C as intersti-
tial solid solution element and V and Cr as substitutional solid
solution elements.

As has already been explained, the carbon content could be
partially or fully replaced with nitrogen or boron, since the
effect is similar for carbides, borides and nitrides on the most
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relevant properties of interest in the present specification,
namely weldability, wear resistance, toughness and hardness.
For this reason we will employ a Carbon equivalent (Ceq)
concept, where in this case: % Ceq=% C+0.86*% N+1.2%%
B.

Most cold work tool steels, excluding shock resistant ones,
have Ceq>1%, especially if hardness above 58-60 HRc is
required. This is always the case for cold work tool steels with
average or above wear resistance. Generally speaking to
obtain more than 60 HRc with secondary hardness and good
wear resistance, more than 1% Ceq is required, to obtain more
than 65 HRc more than 2% Ceq is required and levels of 3%
Ceq can bring secondary hardness up to 70 HRc. Secondary
hardness is required to be able to apply surface treatments
(like nitriding, sulfo-nitriding, boriding) and coatings (like
PVD, CVD or ion implantation) to the surface of the tool
steel. It is also very important for CVD coatings that the
newly developed tool steels present a significantly smaller
distortion during heat treatment.

It is the objective of the invention to obtain a cold work
martensitic, or at least partly martensitic, tool steel with aver-
age or above wear resistance (attained through the presence of
primary carbides or alternatively nitrides and/or borides), a
hardness in excess of 60 HRc and a very good toughness, but
with considerably lower carbon contents (so secondary car-
bide strengthening should be replaced to the biggest possible
extent with other strengthening mechanisms like precipita-
tion hardening or even solid solution), for example 0.5% Ceq
to obtain 62 HRc (in the state of the art at least 1% Ceq is
required, in JP 01 159353 where compositional ranges are
similar 0.9-1% C are needed to obtain 55 and 58 HRc respec-
tively, in U.S. Pat. No. 2,715,576 A where some of the
strengthening mechanisms used in the present invention are
used 1% Cisneeded to obtain 48 HRc), or 0.9% Ceq to obtain
67 HRc (inthe state of technology more than 1.5% or even 2%
Ceq s required). The authors have now found that the solution
of this problem is provided by a cold work tool steel having
the following composition, all percentages being in weight
percent:

% Ceq =0.25-2.5 % C=0.25-25 %N=0-2 % B=0-2

% Cr=0.1-10 % Ni=3-12 % Si=0.01-2 % Mn = 0.08-3
% Al=0.5-5 % Mo =0-10 %W =0-15 % Ti=0-3

% Ta=0-2 % Zr=0-2 % Hf = 0-2, %V =0-12

% Nb = 0-2 % Cu=0-4 % Co=0-8 %S =0-1

% Se =0-1 % Te =0-1 % Bi=0-1 % As=0-1

% Sb=0-1 % Ca=0-1,

the rest consisting of iron and unavoidable impurities,
wherein

% Ceq=% C+0.86%% N+1.2*% B,
characterized in that

% Cr+% V+% Mo+% W>3

and

% Al+% Mo+% Ti>1.5

with the proviso that

when % Ceq=0.45-2.5, then % V=0.6-12; or

when % Ceq=0.25-0.45, then % V=0.85-4; or

when % Ceq=0.25-0.45, then % Ti+% Hf+% Zr+% Ta=0.1-4.
Proceeding in this way, a much better weldability for a

given level of hardness is attained, but without sacrificing all

too much wear resistance, or none at all, and generally sig-
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nificantly improving toughness, depending on the values of
certain elements in the formulation.

One of the objectives of the present invention is to obtain
high hardness with a comparatively to the present state of the
art lower carbon content. Therefore to make a tool steel of the
present invention, one exact composition in the composition
range has to be chosen together with the thermo-mechanical
processing to make sure the steel is martensitic or bainitic or
at least partially martensitic or bainitic (with some ferrite,
perlite or even some retained austenite). It happens often that
two steels representing two very different technological
advances, and therefore aiming at very different applications,
moreover each being absolutely useless for the objective
application of the other, can coincide in the compositional
range. In most cases the actual composition will never coin-
cide even if the compositional ranges do more or less inter-
fere, in other cases the actual composition could even coin-
cide and the difference would come from the thermo-
mechanical treatments applied. Such a case related to the
present invention can be found with relation to JP 01 159353
A, where an austenitic non-magnetic tool steel is made for
moulding plastic magnets, where the compositional ranges
can more or less coincide with the present invention. In this
particular case the actual composition can never coincide
since a much higher content of an austenite stabilizer, usually
Chromium (Cr), needs to be used to have an austenitic steel,
which would be a disaster for the present invention. The steels
of the present invention are all magnetic and thus totally
useless for the aimed objective of JP 01 159353 A, in the same
manner an austenitic tool steel is about the most undesirable
for the present invention.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a plot of hardness against fracture toughness for
various carbides and borides.

DETAILED DESCRIPTION OF THE INVENTION

To obtain the desired properties, a combination of primary
carbides, substitutional solid solution and intermetallic pre-
cipitation strengthening is employed. Other researchers for
other applications have previously optimized combinations
of some of this strengthening mechanisms; like in
AT411905B where secondary carbide strengthening (an
undesirable strengthening mechanism for the present inven-
tion) is combined with precipitation strengthening for hot
work tool steels, and in JP1104749 or the well known Daido
Steel Limited NAKS55 and NAK80 where all strengthening
mechanisms with the exception of primary carbides, are com-
bined for plastic injection mould steels. The same strength-
ening mechanisms intended for casting or warm forging can
be found in U.S. Pat. No. 2,715,576. In those cases the wear
resistance of the steels obtained is poor due to the practical
absence of primary carbides. No such combination ofall three
strengthening mechanisms has been used to provide tool
steels appropriate for cold work applications, and no other
combination of strengthening mechanisms has been reported
to offer such outstanding combination of the desired proper-
ties: hardness, wear resistance and toughness with outstand-
ing weldability.

Given that the presence of primary carbides is required to
supply wear resistance, but we want to benefit from the
increase in toughness that a precipitation strengthened matrix
can bring, and we want to keep % Ceq as low as possible to
increase weld ability, we want to use the carbon present well,
and thus make sure that the primary carbides formed are those



US 9,249,485 B2

5

with best compromise of hardness and toughness. After
evaluating with nano-indentation techniques the hardness
and fracture toughness of primary carbides (see FIG. 1) ithas
been found that Vanadium rich MC type carbides, modified
with refractory metal additions, present the best compromise
of hardness and fracture toughness for several applications
(red circle in FIG. 1), so often those will be the primary
carbides selected. In some applications fracture toughness of
the matrix is more important than that of the primary carbides,
and on those cases carbides with stronger carbide former
metals will be selected to leave a tougher matrix, and harder
carbides, in this case Ti carbides or Ti mixed carbides (pri-
marily with V, W and/or Mo) will be the preferred ones,
alternatively Zr and Hf mixed carbides can be used. It is also
beneficial to have as little as possible secondary carbides in
the matrix, given that precipitates provide a better compro-
mise between hardness and toughness and do not increase %
Ceq, so strong carbide formers will be preferred to weaker
ones.

When the steel of the present invention is to be used in as
cast state, that means no forging, extrusion or rolling is to be
applied to the steel, just heat treatments, then the presence of
primary carbides has to be very well controlled. This is the
situation when the tool steel of the present invention is used to
obtain a piece, die or any other kind of tool trough casting of
the alloy and pouring it into a recipient with the desired shape,
it is also the case when powder of the alloy is used to produce
a desired shape trough localized sintering or even melting.
This situation is also typical when the alloy of the present
invention is used as welding material (either powder for laser,
plasma. .. welding or as wire, rod or refurbished electrode for
arc welding). Summarizing, this is the case whenever the
alloy of the present invention is melt totally or partially and no
forging, rolling or extrusion is applied afterwards (in previous
paragraphs the desired amount and type of primary carbides
are described for the case when forging, extrusion or rolling
are applied). Inthis case when toughness needs to be high less
primary carbides should be used and it is very interesting
when the primary carbides do not tend to precipitate on grain
boundaries. For this objective often a Ti—V mixed carbide
will be used. Total amount of primary carbides used will be
somewhat lower and thus also Ceq. Using the alloy of the
present invention a cast or weld with toughness above 30 J can
be obtained (that is 50% more than that of conventional cold
work tool steels used today) with a wear resistance more than
four times higher and a hardness level of 60 HRc. Due to the
high toughness long welding can be performed without
cracking of the cord. Welding electrodes used today that
deliver a hardness over 58 HRc present a very poor toughness,
less than 10 J.

When it comes to intermetallic precipitates several could
be used, to mention the most well known: Ni;Ti, Ni;Mo,
Ni;Al NiTi, NiMo and NiAl. To have the high nickel content
precipitates quite high amounts of this element are required,
and Ni is a quite expensive element. As per the usage of T1, Al
or Mo as element accompanying Ni to form the precipitate it
should be noticed that Ti is preferred for the mechanical
characteristics that it confers the alloy, but Al is preferred for
simplicity since it does not readily form carbides. The prob-
lem is the presence of carbon, or other interstitial elements to
form wear resistance primary carbides, nitrides or borides.
Carbon reacts with Ti quite strongly and forms titanium car-
bide instead of letting Ti form an intermetallic precipitate
with nickel; to avoid this, carbon has to be fixed by stronger
carbide formers than Ti. The same can be said about Mo but
being a weaker carbide former we have more elements to fix
carbon than was the case for Ti, and among them a relatively

20

30

40

45

50

6

cheap element like Vanadium. We present below the carbide
formers, ordered in increasing strength, so that it is clear
which elements can be used to fix carbon if either Ti or Mo are
wanted to combine with Ni:

Cr, W, Mo, V, Ti, Nb, Ta, Zr, Hf.

With this strengthening strategy, very good hardness vs.
toughness compromises can be attained. Given the lower
amount of secondary carbides present, the matrix has a better
hardness to toughness ratio. Titanium can be left as a primary
carbide former, specially together with vanadium, then other
elements, primarily Mo and Al have to be employed for
precipitation hardening of the matrix. Using Ti and other
strong carbide formers reduces the presence of secondary
carbides, which is an less desirable strengthening mechanism
of the matrix for the tool steel of the present invention, since
precipitation hardening is more desirable.

Therefore the alloy of the present invention will always
have some carbide formers of the group: Cr, V, Mo and W. In
fact, as can be seen in FIG. 1, normally Vanadium rich mixed
carbides (with Cr, Mo, W) are preferably employed. Thus
Vanadium will always be present in the tool steels of the
present invention, except for a very special high hardness
embodiment for applications where high weldability is
desired together with extreme toughness and where wear
resistance can be sacrificed to enhance toughness. In this
case, as can also be seen in FIG. 1, Mo/W primary carbides
will be employed instead of Vanadium, and since their frac-
ture toughness is very strongly dependant on the presence of
impurities, low levels of Cr and V will be employed, even
levels as low as possible of those two elements (they will be
present only as unavoidable impurities). Hence, preferred
embodiments of the invention for the above applications are
steels with the following features:

when % Ceq=0.45-2.5 and % Cr>=2.5, then % V=0.6-12;

when % Ceq=0.45-2.5 and % Cr<2.5, then % Mo+%2%

W=1.5-17.

When looking at the precipitation strengthening, the tool
steel of the present invention will always have enough nickel,
and formers of Ni intermetallics like Al, Mo and/or Ti.

For the very low carbon embodiments of the present inven-
tion, the exceptional weldability with high hardness levels
can be attained following two different strategies when attain-
ing the carbides, depending on the application. For applica-
tions where the price of the tool steel is of importance, and for
applications where wear resistance is more important than
toughness, carbides are primarily formed with Vanadium; for
the applications where toughness is of more importance,
besides the weldability, strong carbide formers like Ti, Hf, Zr
and/or Ta will be employed. Hence, additional preferred
embodiments of the invention for the above applications are
steels with the following features:

when % Ceq=0.25-0.44, then % V=0.85-4; or

when % Ceq=0.25-0.44, then % Ti+% Hf+% Zr+%

Ta=0.1-4.

A special case is that of Nb, although its effect on tough-
ness for the tool steels of the present invention is quite nega-
tive and thus its presence will be as unavoidable impurity, for
some specific applications where grain growth control is
desirable, it can be used, in the framework of the present
invention up to a 2%.

The addition of machinability enhancers is also feasible in
the present invention, to lower the tooling construction costs.
The most commonly used element is Sulphur (S), with con-
centrations below 1%, normally also the content of Mn is
increased to make sure Sulphur is present as manganese sul-
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phide and not as iron sulphide which seriously hampers
toughness. Also As, Sb, Bi Te, and even Ca can be used for this
purpose.

For a given composition the hardness, toughness and wear
resistance values of the tool steel and to a lesser extent the
weld ability can be strongly affected trough heat treatment as
can be observed in Table 3. Different heat treatments for
different applications can be used with the tool steels of the
present invention.

The tool steel of the present invention can be produced by
any metallurgical route, being the most common: sand cast-
ing, fine casting, continuous casting, electric furnace melting,
vacuum induction melting. Also powder metallurgy ways can
be used including any kind of atomization and posterior com-
pactation method like HIP, CIP, cold or hot pressing, sinter-
ing, thermal spraying or cladding to mention some. The alloy
can be obtained directly with desired shape or further metal-
lurgically improved. Any refining metallurgical processes
might be applied like ESR, AOD, VAR . . . forging or rolling
can also be employed to improve toughness. The tool steel of
the present invention can be obtained as a rod, wire or powder
to be employed as welding alloy during welding. Even a die
can be constructed by using a low cost casting alloy and
supplying the steel of the present invention on the critical
parts of the die by welding with a rod or wire made of a steel
of'the present invention or even laser, plasma or electron beam
welded using powder made of the steel of the present inven-
tion. Also the tool steel of the present invention could be used
with any thermal projection technique to supply it to parts of
the surface of another material.

The steel of the present invention can also be used for the
construction of structural parts like shafts, gears, connecting
rods, bearings and also in sheet format for the construction of
resistant structures like are the frames in automobiles, like are
the pillars, reinforcements, sail-boards . . . .

EXAMPLES

Some examples are provided of how the steel composition
of the invention can be more precisely specified for different
typical cold working applications:

Example 1

For most applications, where mechanical requirements are
low and could be reached with a conventional cold work tool
steel, and thus the gain with the tool steel of the invention is
solely the improved weldability, composition should be cho-
sen to minimize price while attaining the optimized weldabil-
ity. Cheap carbide formers will be used, and intermetallic
precipitates will be mainly formed with Al and Mo. Compo-
sition should lie in the following range:

Ceq: 0.45-0.55 Cr: 2.0-5.0 V:1.0-3.5 Ni: 3.0-6.0
Si: 0.05-1.5 Mn: 0.08-2 Al: 0.5-2.0 Mo: 0-3
W:0-2 Cu: 0-4

All values are in weight percent.
Example 2

Cutting, punching or trimming applications with very high
toughness requirements (due to very high strength of sheet,
great thickness of blank or complex geometry). In this case
very low levels of carbon are desirable since toughness should
be high after reparation. Toughness of the steel is also very
important, and price not so detrimental. The precipitation
hardening has to represent a bigger proportion of the total,

8

and strong carbide formers, even when expensive ought to be
employed. Primary carbides should be rather small, so Cr, Mo
and W should not be the preferred alloying elements. Com-
positions should lie in the following values:

Ceq: 0.45-0.6 Cr: 2-8 V:1-3.5 Ni: 6-12
Si: 0.01-1.4 Mn: 0.2-3 Al: 1.5-4 Mo: 1-3
W:0.5-2 Ti: 0.2-2 Co: 1-6 Cu: 0-2
and Hf + Zr + Ta + Nb: 0-1.
10
Example 3
15 If even more weld ability is desired or toughness needs to

be even higher and some wear resistance can be sacrificed, a
version with even lower % Ceq will be employed, in this case
one of the very strong carbide formers like Ti, Zr or Hf have
to be employed, else most of the carbon will go into the

5o formation of less desirable secondary carbides. Ti, Zr and Hf
promote the formation of primary carbides, Ti is specially
desirable because it combines very well with V to form mixed
primary carbides of very high hardness and acceptable tough-
ness. This composition range with a bit lower primary carbide

25 content, is also very interesting when alloy is to be used as
cast, without forging, just with heat treatment. This happens
both in model or modeless bulk casting, and also in welding
where the steel composition of this application example is
used as welding material (as powder for laser, plasma . . .

30 welding, or as wire, rod or refurbished electrode for arc weld-
ing):

Ceq: 0.25-0.43 Cr:0.1-8 V:0.9-2 Ni: 4-12

35 Si: 0.01-1 Mn: 0.08-3 Al: 1.5-3 Mo: 1-10
W:0-15 Ti: 0-3 Hf: 0-2 Zr: 0-2
Co: 0-10 Cu: 0-4

and Ti + Zr + Hf: 0.2-2

40 Example 4
For very demanding applications, a preferred way of alloy-
ing would be through the usage of ZrC, HfC or (Ti—V)C as
45 carbides and NiTi and as much Ni;Ti as possible as precipi-
tates. So the final composition should lie in the following
ranges:
Ceq: 0.45-0.8 Cr:0.1-4 V:0.6-2 Ni: 6-12
50 Si: 0.01-1 Mn: 0.08-3 Al: 1.5-5 Mo: 1-5
W:0-1 Ti: 0.5-3 Hf, Zr:0.2-2  Ta,Nb:0-1
Co: 1.5-14 Cu: 0-2
55 Example 5

For applications where wear resistance has to be very high,
high wear resistance particles should be used, like VC, maybe
even borides like WB or TiB,,. The level of % C will be bigger

60 1in this case, and thus weldability lower:

Ceq: 0.8-2.5 Cr: 2-8 V:2-12 Ni: 5-8

Si: 0.05-1 Mn: 0.08-3 Al:1.5-3 Mo: 1-10

W:1-15 Ti: 0.3-3 Hf: 0-2 Zr:0-2
65 Co:0-14 Cu: 0-4
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Example 6

If the tool steel of the present invention is to be employed
as a welding alloy, then it has to be made sure that the com-

10
Further Examples of Steels Produced According to the
Present Invention:

Several heats have been produced and properties compared

position does not lead to segregation or boundary primary s © conventional cold work tool steels. In table I the composi-
carbide precipitation in “as cast” state in order to have decent tions of some of the most relevant heats appear, also the
levels of toughness: metallurgical way to obtain the heats is specified. In table II
the most relevant properties for cold work applications are
Ceq: 0.45-1.2 1o compared. One can see that with the tool steels of the inven-
Cr: 1-8 V:0.6-4 Ni: 4-10 $i:0.05-1.5 . . . . .
Mn: 0.08-3 Al: 13 Mo: 0.3-5 W 0-5 tion not only the same hardness is obtained with considerably
gi: 0(;34 Hf:0-2 Zr:0-2 Co: 0-8 less % Ceq, with the consequent implications for weldability,
u: U-4. . . .
but also the ratio hardness/toughness is considerably
improved.
Heat Prd %Ceq %Si %Mn %Ni %Co %Al %Mo %V %W %Ti %Zr %Hf %Cr
COLD WORK TOOL STEELS ACCORDING TO THE INVENTION
CTS-0 C 052 082 014 57 03 208 14 174 078 05 028 <001 3.52
CTS-1 C 049 112 035 59 <001 23 179 20 <001 20 <001 <001 3.66
CTS-2 C 08 114 029 537 348 217 264 177 208 0.6 <001 <001 5.65
CTS-3 C 056 01 015 832 735 221 18 131 27 21 054 <001 244
CTS-4 C 048 025 008 1194 974 45 305 161 342 12 <001 <001 149
CTS-5 C 10 001 016 591 705 138 244 321 716 19 <001 <0.01 324
CTS-6 C 051 003 016 793 175 21 285 285 <00l 08 053 <001 0.5
CTS-7 C 045 024 189 742 179 215 22 25 <00l 05 <001 <0.01 18
CTS-8 C 036 10 04 50 15 08 10 085 <00l 01 <00l <0.01 5.0
CTo P 0.5 13 03 60 <001 27 16 1.8 015 <001 <0.01 <0.01 3.7
CT-1 P 049 001 03 65 <001 2.6 26 32 031 033 024 <001 13
CT2 P 23 003 028 61 725 15 314 801 7.85 198 <001 004 248
FTS-0 F 054 012 038 72 218 1.8 203 151 213 206 002 002 1.9
FTS-1 F 052 006 029 597 164 152 186 208 008 122 <001 <0.01 2.64
FTS-2 F 049 021 022 65 15 10 648 <01 40 <001 <001 <001 <0.1
FTS- F 030 01 04 50 15 08 10 095 <00l <00l <00l <0.01 5.0
3*
CONVENTIONAL REFERENCE PRIOR ART COLD WORK TOOL STEELS
12379 C 155 03 03 <001 <001 <0.01 07 1.0 <001 <001 <0.01 <0.01 115
12379 F 155 03 03 <001 <001 <0.01 07 1.0 <001 <001 <0.01 <0.01 115
12379 P 155 03 03 <001 <001 <0.01 07 1.0 <001 <001 <0.01 <0.01 115
T15 F 155 025 025 <001 <001 <0.01 <1 50 12 <001 <001 <0.01 4
T15 P 155 025 025 <001 <001 <0.01 <1 50 12 <001 <001 <0.01 4
12367 F 037 04 045 <001 <001 <001 3 0.55 <0.01 <001 <0.01 <0.01 5.0

C—Stands for Cast, P—Stands for powder metallurgy (gas atomization + HIP + forging), F— Stands for conventionally melt and forged.

*This heat has also a 0.07% S content.

Heat

Prd

Hardness
[HRe]

Wear Resistance
[% w.rt 1.2379 F]

Resilience

1]

Fracture Toughness
[MPa - v m]

COLD WORK TOOL STEELS ACCORDING TO THE INVENTION

CTS-0
CTS-1
CTS-2
CT-0
CT-1
CT-2
FTS-0

[e2lis~Rs~Re-NoNo NS

58 25 — 420
61 32 24 310
64 41 26 120
61 85 — 520
57 74 28 610
69 28 — 980
60 48 29 730

CONVENTIONAL REFERENCE PRIOR ART COLD WORK TOOL STEELS

1.2379
1.2379
1.2379
T15
T15
1.2367*

oo Y 0

57 5 — 96
60 20 25 100
60 32 22 89
67 16 — 820
68 25 18 360
54 250 55 30

C—Stands for Cast, P—Stands for powder metallurgy (gas atomization + HIP + forging), F—Stands for
conventionally melt and forged.

*It is normally considered a hot work tool steel, present in the table to be able to compare properties of the tool
steels of the invention to prior arttool steel showing secondary hardness but with low % Ceqand thus quite good

weld ability.



US 9,249,485 B2

11 12

Heat Prd Heat Treatment Hardness [HRc]
CTS-0 C  Asweld material, no post treatment 60
CTS-1 C Ascast+5204h 62
CTS-2 C Ascast+5204h 64
CTS-3 C Ascast+5204h 64
CTS-4 C Ascast+5204h 61
CTS-5 C Ascast 63
CTS-5 C Ascast+5404h 65
CTS-6 C Ascast+5404h 59
CTS-7 C Ascast+5204h 61
CTS-8 C Ascast+5204h 60.5
CTS-0 C 1080° C. 30 min Oil cooling + 5204 h + 540 2 h 63
CTS-5 C  1200°C. 15 min Oil cooling + 5204 h + 2 x 550 2 h 68
CT-0 P 1080° C. 30 min Oil cooling + 520 2 h + 540 2 h 61
CT-1 P 1060° C. 30 min Oil cooling + 520 2 h + 520 2 h 57
CT-2 P 1200°C. 15 min Oil cooling + 5204 h +2 x 550 2 h 69
FTS-0 F  1080° C. 30 min Oil cooling + 5204 h + 540 2 h 63
FTS-1 F  1080°C. 30 min Oil cooling + 5204 h + 540 2 h 61
FTS-2 F 1080° C. 30 min Oil cooling + 520 4 h 62
FTS-3 F  1080° C. 30 min Oil cooling + 520 4 h 61.5

C—Stands for Cast, P—Stands for powder metallurgy (gas atomization + HIP + forging), F— Stands for
conventionally melt and forged.

Additional embodiments of the invention are disclosed in

the dependent claims.

The tool steels of the invention have an extremely good
weldability at hardness levels above 60 HRc. The steel pre-
sents an excellent combination of the most relevant cold work
tool steel properties: Hardness—Toughness—Wear resis-

tance.

The invention claimed is:
1. An at least partly martensitic cold work tool steel having 35

the following composition, all percentages being in weight

percent:

% Ceq =0.45-0.55 % C=025-25 %N=0-2 %B=0-2

% Cr=1-4 %Ni=3-12  %Si=0.01-2 % Mn = 0.08-3
% Al =1.5-2.5 % Mo =0.8-1.5 % W =0-15 % Ti=0.1-1.2
% Ta = 0-2 % Zr = 0-2 % Hf =0-2 %V =0.6-3

% Nb = 0-2 % Cu=0-4 % Co = 0-8 %S =0-1

% Se =0-1 % Te = 0-1 % Bi=0-1 % As =0-1

% Sb =0-1 % Ca=0-1

the rest consisting of iron and unavoidable impurities,

wherein

% Ceq=% C+0.86%% N+1.2%% B,

characterized in that

% Cr+% V+% Mo+% W>3,

% Al+% Mo+% Ti>1.5,

and

% Hf+% Zr+% Ta+% Nb=0-2,

with the proviso that
when % Ceq=0.45-2.5, then % V=0.6-12; or
when % Ceq=0.25-0.45, then % V=0.85-4; or

when % Ceq=0.25-0.45, then % Ti+% Hf+% Zr+%

Ta=0.1-4 and

wherein the steel contains Ni-based intermetallic com-

pounds.

25

30

45

50

55

60

65

2. An at least partly martensitic cold work tool steel having
the following composition, all percentages being in weight

percent:

% Ceq =1.25-2.5 % C=0.25-25 %N=0-2%

% Cr=2-8 % Ni=5-8 % Si=0.01-2
% Al=1.5-3 % Mo =2-4 % W =0-15
% Ta =0-2 % Zr=0-2 % Hf = 0-2,
% Nb = 0-2 % Cu=0-4 % Co =0-7,
Se=0-1 % Te =0-1 % Bi=0-1

% Sb=0-1 % Ca=0-1,

B=0-2

% Mn = 0.08-3
% Ti=0.3-3
%V =36

% S =0-1%

% As =0-1

the rest consisting of iron and unavoidable impurities,

wherein

% Ceq=% C+0.86*% N+1.2%% B,
% Cr+% V+% Mo+% W>3%

% Al+% Mo+% Ti>1.5,

and

% Hf+% Zr+% Ta+% Nb=0-2,

with the proviso that

when % Ceq=0.45-2.5, then % V=0.6-12; or
when % Ceq=0.25-0.45, then % V=0.85-4; or
when % Ceq=0.25-0.45, then % Ti+% Hf+% Zr+%

Ta=0.1-4.

3. An at least partly martensitic cold work tool steel having
the following composition, all percentages being in weight

percent:

% Ceq = 0.45-2.5 % C=0.25-25 %N=0-2%

% Cr=1-4 % Ni=5-12 % Si=0.01-1
% Al=1.5-5 % Mo =1-5 % W =0-2

% Ta =0-2 % Zr=0-2 % Hf = 0-2,

% Nb = 0-2 % Cu=0-2 % Co=1.5-3.2,
Se=0-1 % Te =0-1 % Bi=0-1

% Sb=0-1 % Ca=0-1,

B=0-2

% Mn = 0.08-3
% Ti=0.5-3
%V =0.6-2
% S =0-1%

% As =0-1
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the rest consisting of iron and unavoidable impurities,
wherein

% Ceq=% C+0.86%% N+1.2%% B,
% Cr+% V+% Mo+% W>3%

% Al+% Mo+% Ti>1.5,

% Hf+% Zr+% Ta+% Nb=0-2

and

% Ti+% Hf+% Zr+% Ta+% Nb>0.7,

with the proviso that

when % Ceq=0.45-2.5, then % V=0.6-12; or

when % Ceq=0.25-0.45, then % V=0.85-4; or

when % Ceq=0.25-0.45, then % Ti % Hf+% Zr+% Ta=0.1-
4.

10

15

14



